Background. There are known to be wide differences in the prognosis of patients with a diagnosis of AIDS. In this study of 6578 patients with AIDS from 17 European centres, we develop a ranking of AIDS-defining illnesses, and determine how well this ranking holds after adjustment for potential confounding variables. Methods. Survival from each AIDS-defining event was calculated and ranked using Kaplan-Meier estimation of median survival. Cox proportional hazards models with each disease modelled as a time dependant covariate were used to determine the risk of death after each diagnosis, before and after adjustment for potential confounders. Results. Median survival after an initial AIDS-defining diagnosis of progressive multifocal leukoencephalopathy and malignant lymphoma was particularly poor (2 and 5 months respectively), while the longest median survival occurred after initial AIDS-defining illnesses of Kaposi's sarcoma and extrapulmonary tuberculosis (17 and 22 months respectively). Patients diagnosed with a primary brain lymphoma had shorter median survival times than patients with a peripheral lymphoma (median survival of 1 month and 4 months respectively, P Ͻ 0.0001). In general, median survival in patients with cutaneous Kaposi's sarcoma (skin, oral) was between two and four times longer than patients with systemic involvement. The ranking of diseases was found to be generally similar after adjustment for all potential confounders. Conclusions. AIDS-defining events can be grouped into three categories with median survival after diagnosis of Ͻ6 months, 6-12 months and Ͼ12 months. The assigned rankings of disease would not be altered by prognostic factors such as age or CD4 lymphocyte count. These results have important implications in the design of clinical trials and patient management.
There are known to be wide differences in prognosis between patients who have been given a clinical diagnosis of AIDS. [1] [2] [3] [4] [5] [6] [7] [8] [9] Despite the fact that in clinical trials of antiretroviral therapy for patients infected with HIV, the major outcome variable is often based on clinical events, [10] [11] [12] few studies have considered the impact of further AIDS-defining events which occur after the primary diagnosis. [13] [14] Thus in most commonly performed analyses, a patient with a series of serious opportunistic events would be considered to have a more favourable outcome than a second patient experiencing a single comparatively mild disease, if the second patient's event occurred earlier during follow-up. 15 Clearly, if a clinical endpoint of disease progression is to be used in trials, there is a need to rank the opportunistic events that constitute disease progression, [15] [16] considering both primary and secondary events. To our knowledge, there are few studies that have attempted to rank disease severity. 2, 11, 17 In this study of 6578 AIDS patients from 17 European countries, we develop a ranking of opportunistic diseases based on the typical survival experience of patients in whom they occur. We further investigate whether the ranking remains after adjustment for age, exposure category, CD4 lymphocyte count, whether or not the opportunistic infection occurred as a first diagnosis or during subsequent follow-up, and use of antiretrovirals.
We also take advantage of this large data set to conduct an investigation of subsequent survival according to site of Kaposi's sarcoma, which has been considered to be an early outcome of human immunodeficiency virus infection, 18 which to our knowledge has not previously been investigated. We further investigated survival according to site of systemic-AIDS related lymphoma, a later manifestation associated with much shorter survival times. 19 
PATIENTS AND METHODS
The AIDS in Europe study, which has been described elsewhere, 1 has collected clinical, therapeutic and CD4 cell count measurements from 6578 AIDS patients from 52 centres in 17 European countries. In brief, centres provided data on all patients diagnosed with AIDS (or a preselected group in 23 Italian centres) between 1979 and 31 December 1989. The 23 Italian centres each enrolled only a predefined proportion of patients according to month of birth; supervised by the Istituto Superiore di Sanita in Rome. AIDS was diagnosed according to the revised criteria from the Centers for Disease Control (CDC) from 1987. 20 Information was collected from patient notes on a standardized data collection form. These were checked by scientific staff for logistical errors. The collection of data was performed by retrospective review of case notes between May 1991 and August 1992. All time variables were collected as month and year, thus patients who died in the same month as an event would be recorded as having a survival time of zero. Similarly, events diagnosed at the time of AIDS diagnosis or within the first month of diagnosis were recorded as occurring at the time of the AIDS diagnosis.
For the present analysis, a total of 6548 patients were included, for whom all clinical, therapeutic and demographic information was available. Survival from each AIDS-defining event, irrespective of whether this event was the first or subsequent AIDS-defining event, was calculated using Kaplan-Meier estimation using SAS. 21 AIDS-defining events were ranked according to median survival. Where diseases shared similar median survival times they were ranked according to the number of patients diagnosed with each disease. Kaplan-Meier estimation of median survival time with stratification for the confounding variable and multivariate Cox proportional hazards models were used to investigate the ranking of diseases where further investigation of a possible confounding factor was required. The relative hazards of death from a multivariate Cox proportional hazards model were ranked to investigate the consistency of the ranking of disease after adjustment for age, gender, exposure category, region of Europe, CD4 lymphocyte count at initial AIDS-defining illness and treatment with antiretrovirals.
In addition to calculating survival from any malignant lymphoma, survival from a primary brain lymphoma and a lymphoma presenting outside the central nervous system were considered separately. Similarly, in order to study whether different types of organ involvement of Kaposi's sarcoma was associated with a different prognosis, a subgroup analysis was performed. In this analysis, centres who had not provided information on which organs were involved when Kaposi's sarcoma was diagnosed were excluded. A total of 809 diagnoses of Kaposi's sarcoma were recorded in the remaining 2674 patients.
RESULTS
A total of 13 764 AIDS-defining events were observed among 6548 patients. A brief description of the patient population is shown in Table 1 , and includes demographic data and CD4 lymphocyte count at initial AIDS diagnosis. The median age at diagnosis tended to be higher in Southern Europe, as did the proportion of patients who were intravenous drug users (IDU). The majority of patients were male.
The median survival after a given diagnosis, measured in months, is shown in Table 2 , together with the 25-75 percentiles. The differences in survival between diagnoses was highly statistically significant (P Ͻ 0.0001). Tests for differences in survival between each pair of diseases were not performed due to the large number of possible combinations. Only 17 patients were diagnosed with either isosporiasis or histoplasmosis, and these diagnoses were therefore excluded from further analyses. A diagnosis of progressive multifocal leukoencephalopathy (PML) was associated with a very poor median survival of 2 months, while in contrast, patients diagnosed with extrapulmonary tuberculosis had the most favourable prognosis, a median survival of 19 months. It should be noted that a patient who died within the same month as diagnosis of an AIDS-defining illness was recorded as having zero survival. This proportion of patients varied according to the severity of the disease, and ranged from 25% of patients diagnosed with PML to 5% of patients diagnosed with Kaposi's sarcoma. Excluding patients with zero survival extended the median survival times by 1-2 months, but the rankings of diseases presented in Table 2 were unaltered. An alternative ranking of diseases was obtained based on the estimated relative risk of death from a Cox proportional hazards model, with each disease fitted as a time dependant covariate. These ranks were similar to those presented in Table 2 (data available from author on request). The overall rankings of diseases, as assigned in Table 2 , were found to be generally maintained when events were stratified according to whether the diagnoses occurred as a first event or during subsequent follow-up (Table 3) . The diseases are shown in the same order as presented in Table 2 . Median survival was shorter when a diagnoses occurred during follow-up, compared to the median survival of the disease as an initial AIDSdefining event. It can be seen from Table 3 that lower ranked diseases, such as extrapulmonary tuberculosis and oesophageal candidiasis, occurred much more commonly as an initial AIDS event, while diseases caused by Mycobacterium avium and cytomegalovirus occurred with a greater frequency during follow-up.
Age at diagnosis of AIDS has been shown to be an important prognostic factor following an AIDS diagnosis. In a Cox proportional hazards model, although there was a strong relationship between age and death (relative hazard [RH] per 10-year age difference 1.18, 95% confidence interval (CI) : 1.14-1.21, P Ͻ 0.0001) the adjusted ranks of the diseases from this model were unaltered. A further potential confounding variable was exposure category, as deaths in intravenous drug users may be less likely to be related to AIDS than in homosexual men. After adjustment for exposure category in a Cox proportional hazards model, the rankings of the diseases were again identical. Table 4 presents the relative risk of death for each of the AIDS-defining events, after adjustment for factors which may be related to survival, including age, exposure category, gender, region of Europe and treatment with antiretrovirals, modelled as a time The AIDS-defining conditions are listed according to the rankings from Table 2 . dependant covariate. These are presented in the same order as shown in Table 2 , and the rankings of the diseases remains generally consistent, although there is some shuffling of the comparative severity of the diseases. In addition, some of the diseases, such as salmonella septicaemia, were not diagnosed in many patients, and the confidence intervals around the estimates were wider than those around the more common diseases, such as Kaposi's sarcoma. With the exception of herpes simplex ulceration (not skin), all diagnoses significantly raised the risk of death. Another important potential confounder is CD4 lymphocyte count at AIDS diagnosis, which was available for 3053 patients (46.4%). The model presented in Table 4 was repeated in those patients for whom CD4 count was available, and the order of the relative hazards was consistent with those shown in Table 4 (data available from author on request). The median survival after a diagnosis of lymphoma was universally poor (2 months overall), as illustrated in Table 5 . Patients diagnosed with a primary brain lymphoma had a much shorter median survival time of one month, significantly shorter than the median survival of 4 months in patients with all other types of lymphoma (P Ͻ 0.0001). The proportion of patients with zero survival was significantly higher in patients with a primary brain lymphoma (43% versus 18%), although the exclusion of these patients did not increase the estimate of median survival, possibly due to the smaller size of the groups. Even after stratification for whether or not the primary brain lymphoma occurred as an initial AIDS-defining event or during follow-up, median survival remained at one month. Table 6 shows median survival times after a diagnosis of Kaposi's sarcoma, stratified by site of involvement. The observed differences in survival were highly statistically significant (P Ͻ 0.0001). By far the most common site was skin, which had the most favourable prognosis. Median survival after a diagnosis of pulmonary Kaposi's sarcoma was particularly poor, with an overall median survival time of 3 months, which dropped to 2 months when the diagnosis was made during follow-up. In general, median survival in patients with cutaneous Kaposi's sarcoma (skin, oral) was between two and four times longer than patients with systemic involvement (gastrointestinal tract, pulmonary, glandular). The frequency of patients with zero survival was much lower in cutaneous Kaposi's sarcoma (4%) compared to systemic Kaposi's sarcoma (34%), and excluding these patients had no effect on survival after a diagnosis of cutaneous Kaposi's sarcoma, and increased survival in patients with systemic Kaposi's sarcoma by one month for all sites.
DISCUSSION
This study has examined survival from an AIDSdefining event and ranked survival from worst to best prognosis. The AIDS in Europe study is amongst the largest study worldwide of unselected AIDS patients in whom AIDS events during follow-up were also recorded. Using information from these patients, this study has examined survival after an AIDS diagnosis, stratifying by whether the diagnosis was an initial or subsequent event. Even after adjustment for age, exposure category, gender, CD4 lymphocyte count and region of Europe, the results show a clear ranking of diseases. The median survival estimates from this study agree with results from other studies; Luo et al. 2 grouped diseases into two classes based on median survival times, these two classes mirror the rankings shown in this patient group. In addition there are many studies showing the favourable prognosis for patients diagnosed with Kaposi's sarcoma [3] [4] [7] [8] [9] and Pneumocystis carinii pneumonia, particularly since the introduction of zidovudine and prophylaxis against Pneumocystis carinii pneumonia. 2, [6] [7] [8] Several comments can be made about specific diagnoses included in Table 2 . HIV wasting syndrome, ranked twelfth with a median survival of 8 months, may cover a variety of aetiologies, including disseminated Table 2 which presented estimates of median survival regardless of whether the disease occurred as an initial AIDS-defining illness or during follow-up, the diseases could be grouped into three categories, very severe with survival Ͻ6 months (ranks 1-7), severe with survival 6-12 months (ranks [8] [9] [10] [11] [12] [13] [14] , and mild in diseases where survival Ͼ12 months (ranks [15] [16] [17] [18] [19] . Categorization of diseases in this way may have important implications for entry and endpoint criteria in clinical trials, 15 where there is a need for classifying stages of AIDS on the basis of a firm endpoint such as survival. In a clinical trials setting, patients could be classified as reaching an endpoint when they progress to a disease in a group more severe than the one in which they started. Similarly, progression to a more severe disease, as measured by a lower rank, could be a possible endpoint. Such an approach could shorten the duration of clinical trials and allow more trials including patients at an advanced stage of AIDS.
Differences in survival according to the location of a malignant lymphoma are not surprising based on the published literature. 19, 25 However, differences in survival according to the location of Kaposi's sarcoma in such a large group of patients has not, to our knowledge, previously been documented. The differences in survival may be due to one of several factors; namely that systemic Kaposi's sarcoma tends to develop later than cutaneous Kaposi's sarcoma and at lower CD4 counts, 26 and also that systemic Kaposi's sarcoma may be more life threatening to the extent that only palliative treatment is available. Such treatment includes chemotherapy, resulting in further immunosuppression, perhaps leading to an increased risk of developing another opportunistic disease.
Possible biases of this study include differences in how the disease was diagnosed at the various centres, and differences in the ability to diagnose the diseases over time. These data predate the increasing trends in prophylaxis against some opportunistic infections. However, they provide estimates of survival and the rankings of diseases before the widespread introduction of such therapies, and may be of use as historical controls when data regarding efficacy of these new treatments is published. A further drawback of these data is that the first occurrence of each disease only (except when malignant lymphoma and Kaposi's sarcoma were stratified by site of involvement) was included in the analysis. The determination of precisely when a disease recurs is difficult, and will depend on how aggressively the disease was treated initially and subsequent maintenance therapy.
This study used AIDS diagnoses in line with the 1987 CDC criteria. In 1993 these criteria were revised to incorporate additional AIDS-defining events 27 of pulmonary tuberculosis, recurrent bacterial chest infections and invasive cervical carcinoma. Only as time progresses will information on the severity of these diseases become available. Clinical experience in the management of bacterial pneumonia suggests that this event is easily manageable, but the risk of developing bacterial pneumonia is inversely related to CD4 count. 28 However, with the present knowledge, we believe that both pulmonary tuberculosis and bacterial pneumonia should be classified as having a relatively good prognosis. The epidemiological knowledge of cervical carcinoma in AIDS patients is poor at present, and so this disease is difficult to place in the current rankings.
To conclude, using a large group of unselected AIDS patients in whom all AIDS-defining events have been recorded, we have ranked AIDS-defining events according to median survival. We have shown that such rankings are generally maintained after adjustment for CD4 lymphocyte count, treatment with antiretrovirals, gender, exposure category, age and region of Europe. In addition, we have presented results illustrating survival according to site of Kaposi's sarcoma.
